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It has not been determined whether the concentration of essential elements in the meconium
of dizygotic twins 1s indistinguishable or 15 related to birth weight or placental size ditfer-
ences. We hypothesized that dizygotic twins of discordant size would have a dissinular
conceniration of essential elements in the meconium, whereas concordant twins would not
exhibit such a difference. We also hypothesized that the smaller the infant/placental weight
raiio, the greater the concentration of essential elements in meconnum. This study was aimed
at verifying these hypotheses. Twenty-six pairs of dizygotic twins, regardless of sex, were
divided into two groups separated by the median value of weight discrepancy (13.1%) into
concordant {CC) =13.1% and discordant (DC) >13.1%. The concentrations of seven es-
sential elements {(calcium, magnesium, phosphorus, copper, zine, on, and manganese)
were measured in the mecontam. Total placental weighis for all twins were also correlated
with mfant weights and meconium element concentration. Heavy/light birth weight ratio of
the DC, but not of €O twins, comresponded o a mecontam concentration ratio >1 for
calcium, magnesium, iron, zinc, and manganese, but not for phosphorus and copper. There
was a strong correlation between total twin weight and total placental weight for both the
CC and DC groups. However, miant/placental weight ratio did not correlate with meconium
clement concentration. It may be mferred that in dizygotic twins, a higher essential element
concentration in meconium may reflect the greater access of the heavier fetus to maternally
supplied mutrients, or a different functional capacity of the gastrointestinal tract. J. Trace
Hiem. Hxp. Med. 13:205-213, 2000.  © 2000 Wiley-Liss, Inc.
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INTRODUCTION

Inorganic clements constitute about 6% of the human body weight. Essential trace
clements are a small fraction of this total [1.2]. During gestation, the fets is depen-
dent upon a continuous supply of organic and morganic substances. The latter are
necessary for bone formation, enzyme synthesis, fluid balance, and virtually every
vital process. The placenta i1s highly vascularized by maternal and fetal vessels and

functions as the regulatory organ of maternal-fetal exchange [3]. Mincral elements are
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transferred maximally during the last two-thirds of gestation. Caloium, phosphorus,
zine, and iron are transported by active mechanisms. Copper passes from mother to
fetus via a downhill gradient [4-6]. Placental transport of manganese and magnesium
are poorly understood. The latter is probably translocated to the placenta utilizing a
sodium/magnesivm exchanger [7]. Placental size, surface arca, blood flow, perme-
ability, and metabolism affect transport of these nutrients [8].

Spontancous twins occur in 1 of 80 pregnancies; of those, approximately 1/3 are
monozygous and 2/3 are dizygous [9]. The development of a variety of assisted
reproductive techmigues has made twins and lugher order multiple births more com-
mon. Discordance, defined as a difference i birthweight >10-15%, has been reported
n almost one-third of all twin pregnancies [10]. Placental insufficiency 1s considered
one of the more common causes of this discordance [11].

Accumulation of meconium begins n the distal mtestine during the fourth month
of gestation [12]. Hssential elements are secreted into the gastrointestinal tract by the
same processes as pancreatic and other gastromtestinal secretions. Since meconium
stays in the gastrointestinal tract during the entire gestation, it may serve as an index
of intrauterine mineral accumulation by the fetus, Widdowson et al. [13] and Kopito
and Shwachman [14] were the first to study metal composition of meconium, but with
fmited discrimination of gestational age or birth weight. A recent investigation con-
ducted in our institution showed that birth weight-adjusted concentrations of calcium,
copper, iron, and phosphorus were higher in the meconium of 24-28-week gestational
age fants than 1n the meconium of mfants bormn at term [15]. Antonowicz and
Shwachman [16] previously reported that the essential element composition of me-
contum from identical twins was similar, but that of fraternal twins was significantly
different, although no quantitative data were provided.

We hypothesized that in multiple gestations, differences in birth weight would be
reflected in the mecomum accumulation of minerals. Specifically, in discordant twins,
we presupposed that the heavier twin would have the greater concentration of essen-
tial elements in mecomum and that the ratio of infant to placental weight would be
related to the concentration of these mmnerals. Thus the lesser the infant/placental
weight ratio, the greater the mineral concentration m meconium because a relatively
larger placenta may be better equipped to meet the demands of the fetus, This study
aimed to verify whether these hypotheses were supported by data obtained in a
population of healthy newborn dizygotic twins.

MATERIALS AND METHODS

Meconium specimens were obtained from dizygotic twins born in North Shore
University Hospital between January 1997 and February 1998, Dizygosity was as-
certained from the pathologic report of the placenta. The population was entered in the
study 1rrespective of sex or race and mcluded term infants as well as prematures born
at greater than or equal to 30 weeks of gestational age. Twenty-six pairs of twins were
meladed m the study. The weight of the mfants ranged from 1,300 g 10 3,650 g and
the percent discrepancy 1n weight, i.e.. [(heavy twin weight — light twin weightYheavy
twin weight] x 100, ranged from 0.9% to 29.8%. The weight distribution of the twin
pairs as a percentage of discrepancy and as a ratio between the heavy and the light
twin is presented in Table 1. Twins clustered in the 10.1-15.0% weight discrepancy,
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TABLE I. Distribution of Body Weight Ratios in Twins and Their YWeight Discrepancy

Percent discrepancy

[heavy light twin weight] 100 Heavy/light
heavy twin weight } No. of twins weight ratio No. of twins
0-5.0 3 1.00-1.10 10
5.1-100 5 1.11-1.26 7
10.1-15.0 6 1.21-1.36 2
15.1-20.0 1 1.31-1.40 5
20.1-25.0 4 1.41-1.50 2
25.1-30.0 4
30.1-35.0 1

corresponding to a weight ratio (heavy/light twin) of 1.11-1.20. The median discrep-
ancy was 13.1%. This value was used to separate the twins mto two groups: concor-
dant (CC), with a weight discrepancy =13.1%, and discordant (DC}, with a greater
weight discrepancy. Thus there were 13 pairs of twins in each of the two groups. The
mean (£ SEM) weight of the CC group was 2.65 = 0.09 kg and of the DC group was
217 £ .11 kg. Placental weights were obtained from the laboratory report, which
decided the zygosity of the twins. Since the pathologic examunation of the material did
not include separation of the two hemiplacentas and approximate dimension values
were not reliable indicators of size or weight, no attempts were undertaken to attach
a partial placental weight to ecach of the twins in the pair. However, total placental
weight was recorded.

Meconium was collected until appearance of transitional stools, 1.e., when consis-
tency and color changed to nonviscous and vellowish green. This usually took place
within 3 days after birth. Meconium was scooped from diapers with a wooden spatula
and mmmediately frozen at —20°C. The entire collection from each infant was com-
bined, lvophilized from plastic containers, and weighed. The dried powder was tritu-
rated 1n a glass mortar and specimens {0.10-0.30 g) placed in test tubes and digested
with 2.0 ml of concentrated nitric acid {(trace element grade, Fisher Chem. Co.,
Pittsburgh, PA) at room temperature, until all material appeared to be dissolved. The
acid solution was further diluted prior to analysis and filtered. Portions of the absor-
bent matenial of umosed diapers were extracted with acid as described and used as a
matrix blank to correct element concentration data. Samples were assayed for cal-
cium, magnesium, iron, copper, zine, and manganese by atomic absorption spectro-
photometry {SpectrAA 10, Varian Instruments, Sunnyvale, CA) against certified ex-
ternal standards (Fisher). Phosphorus was determined by a spectrophotometric
method [17]. Results were expressed as pug/e of dry meconium and also as pg/g - kg
birth weight. The latter correction was introduced to compensate for the possibility
that mineral concentration increased with birth weight. Data were analyzed comparing
the percent discrepancics and ratios between twin birth weights and the respective
element concentrations in the mecomum. In addition, we compared the values ob-
tained in CC and the DC groups for all elements. The concentration of each element
for the heavier and the lighter of cach pair of twins was contrasted with the ratios of
the respective birth weights by applying the nonparametric sign test [18]. Gender
differences within and between groups were assessed by the Chi-square (¥%) test.
Relationships between infant birth weight and element concentration as well as
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weight differences between twins and element concentration differences in meconium
were done by Pearson’s r correlation test. We also compared the ratio in meconium
element concentrations for heavy/light twins between the different elements. In ad-
dition, total placental weight was correlated with total birth weights of the twin pairs
and also with the average clement concentration i the meconium, corrected or un-
corrected for birth weight. Infant/placental weight ratios were also contrasted against
the average clement concentration in the mecomum of the twins. The threshold of
significance was 0.05.

RESULTS

A comparison of element concentrations in the mecomum of CC and DC twins,
taken as a group, revealed that there were no differences for calcium, magnesium,
phosphorus, iron, and zimc. However, the mean concentration for manganese in DC
twins, corrected or uncorrected for birthweight, was higher than that of CC twins
{Table H). Copper meconium concentration was also higher in DC than in CC twins
when corrected for birth weight.

When the birth weight of both CC and DC twins was correlated with the metal
concentration in mecontum { Table 1), there was a positive correlation for wron m the

—0.402, P <0.05) m the same group. A negative correlation for all twins was obsarved
between nfant weight of all twins and mecomum copper (r= -0.302, P < 0.05).

The weight ratio between the heavier and the lighter twins, obviously always >1,
and the corresponding concentrations of minerals 1n the mecontam resulted 1 con-
cordant >1 ratios for calcium, magnesium, iron, zinc, and manganese in the DC twins,
i.e., the heavier twin presented with a higher concentration of the aforementioned
elements in the mecontwm. In contrast, m the CC twins ratios >1 were not observed
(Table IT1). Taking all twins together, the relationship between twin weight ratios and
meconium element concentrations still apphied for calcium, iron, zinc, and manga-
nese.

The role of the placenta and its relationship with the newborn infant twins and their
meconium metal content were examined from several standpomts. As expected, there

P < 0.0001). When considering cach group of twins separately, the coefficient of
correlation was for CC and DC twins, r = 0.875 and 0.808, respectively, P < 0.001
{Fig. 1). Examination of total placental weight and average element concentration
revealed that for DC twins, calcium concentration in the mecontum increased as the
total placental weight mcreased (v = 0.630, P < 0.05) (Table 1), If metal concen-
tration in the meconium was birth weight corrected, the relationship for calcium
remained significant in the DC twins (v = 0.601, P <0.05). In contrast, when all twins
were considered, there was a negative correlation between total placental weight and
birth weight-adjusted magnesium (r = —0.509, P < (.02) and copper {
< 0.01) concentrations. The other elements showed no correlation.
Infant to placental weight ratic appeared to bear significance with the concentration
of calcium m meconium. Taking the total placental weight and the average calcium
concentration in the meconium of both twins, there was a strong positive correlation
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TABLE B, Concentration of Metals in Meconium of CC and DC Twins (Uncorrected and Corrected for Bivth Weight)

Calcium Magnesium Phosphorus Iron Lopper Ling Maneanver
Blement cone 4 SEM o 3,588 4 688 3,275+ 319 264 + 39 136+ 25 &7+ 9 512+ 54 2844
pelgl Nise .
(bele) DC 4,999 + 1465 3,287 1278 23327 12449 1089 572+ 158 45+ 7%
Birthweight corrected CC 1,395 £ 272 1,317 + 153 101416 49 37 3344 204 =95 11x2
clement cone, £
SEM (pg/g - kg body ne 2,217 £ 558 1,577 4 155 113+ 13 6246 52 4+ 6** 297 499 23 4 5%*

weight) N = 26

P < (.08 ¥FP < 0.02 vs. CC twins.

ED_006899_00000610-00005



216 Golamico ef al.

TABLE 11i. Relationship Between Dizygetic Twin Somatic Characteristics and Placental
Weight and Meconium Concentration of Essential Elements

Calenon Magnesium Phosphorus fron Copper Zine Manganese

Correlation between AL — — Rk
weight of infants  €CC — R — L
and mineral DCo
concentration

Correlation between  All *E — *E _ * ®
heavy/light twin CC — — — _ _ -
weight and DC * * — * — * *
meconitm
concentration®

Placental weight Al e e e
vs. clement CC e e e e
concentration DBC * — — _ _ _

Placental weight All — FEFEE — — HEER — _
vs. birthweight e — — — — — _
adjusted DC U
element

concentration

*Bignificance of data by sign test.
Positive correlations: ¥ < (.05, **P < 0.01; negative correlations: *¥¥P < 0.05; ¥**¥*p < (.01,

gven when the concentration of elements in meconium was corrected for birth weight
{r = 0.564, P < 0.01). There was no correlation with other clements.

DISCUSSION

There are many factors that could cause growth discordance 1n twins. One factor
is twin-to-twin transfusion, which is more prevalent in monozygotic than dizygotic
twins [19]. By excluding monozygotic twins 1n our study population we minimuzed
this factor. Another consideration that accounts for variation in birth weight is fetal
gender, as males generally weigh more than females [20]. Since m our population 7
of the 13 pairs of CC twins and 6 of the 13 pairs of the DC twins had the same gender,
this factor should have no bearing on our results. Also, there was no significant
difference between the CC and the DC group m terms of gender since 16 of 26 infants
in the CC group and 13 of 26 infants in the DC group were female (x* = 0312, N.5.).
Eliminating the above factors, we could, therefore, investigate placental causes of
discordance and its role in nutrient transport.

Since meconium accumulates in the fetus from the sixteenth week of gestation
[16], meconiim may be an indirect indicator of the mfant’s intrauterine nutritional
status in regard to stable components, such as mineral elements. From our data, we
can mfer that i discordant dizygotic (DC) twins, meconium metal concentration may
be reflective of intrauterine nutrition since the heavier twin had a sienificantly higher
meconitun copcentration of calcium, magnesium, iron, zine, and mangancse (Table
{Il}. This result confirms an earlier statement, unsupported by numerical data, that
fraternal twins have sigmficantly different meconium metal composition than iden-
tical twins [16]. This discrepancy may reflect an uneven distribution of essential
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O CONCORDANT TWINS (r=0.876, P<0.001) @ DISCORDANT TWINS (r=0.808, P0.01)
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Fig. 1. Relationship between total twin weight and total placental for concordant (CC) twins O, dotted
line regression) and discordant (DC) twins @, filled line regression). As indicated, both correlations were
significant.

elements that have crossed the placental barrier between the twins. Additional factors
that may play a role may be differences in fetal anabolic rate, assimilation of these
nutrients, maternal dictary nuneral intake, and pharmacologic admmstration of some
salts, such as magnesium sulfate to the mother.

With the exception of manganese, the trace element analyzed in this study which
15 at the lowest concentration i mecominm, there were no differences in other ele-
ments between CC and DU oroups When birth weight was applied as a correction,
copper, as well as manganese, were higher in the meconium of DC twins (Table II).
Since copper is transported across the placental by a downhill gradient [6]. there may
be a greater possibility of uneven distribution in the DC twins. The neoative corte-
lation found belween meconum copper conceniration and fant weight (Table 1D
may alzo be atiributable 1o the absence of an active transport mechanism for this
clement.

For both the CC and DC twins, the greater the total placental weight, the heavier
the combined infant weight (Fig. 1). There have been several possible physiclogic
explanations for this finding. Vetter [11] hypothesized a growth factor sequence
stating that the smaller fetus has a less sufficient blood supply and thus produces a
growth stimulating substance that results 1 mwereased growth of the other fetus with
a normal placental function. Other factors such as the number of insulin receptors in
the placenta have been found to correlate positively with the weight of the fetus [21].
Thus the placenta of the bigger twin would have a greater number of insulin receptors
than that of the smaller twin, causing the former to grow more rapidly.

Aside from considering the total placental weight, we also examined the infant/
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placental weight ratio. Although it has been found that infant/placental weight ratio is
not an accurate marker of fetal growth [22], this index is considered to be a measure
of the reserve capacity of the placenta, meaning the relative ability of the placenta to
satisfy the demands of the fetus during gestation [23]. In the present study we did not
find any signmificant correlation between the mfant/placental weight ratio and meco-
nium essential element content, suggesting that placental capacity was not a Himiting
factor in determining the ultimate appearance of minerals in meconium. It could be
that since we were not able to obtain an accurate weight of each of the henuplacentas
and we used total placental weight, the infant/placental weight ratio results were less
mformative. Nevertheless, our findings correlate with a study in Nigeria suggesting
that the occarrence of divergent birth weight is primarily associated with unequal
sharing of placental mass [24].

In summary, the results obtained mn this work, for dizygotic twins, are consistent
with a greater access by the heavier infant to maternal essential mineral elements, or
that this finding represents a greater volume of ammiotic fluid material processing and
excretory capacity. This 1s reflected n a generally higher mecomum nuneral concen-
tration. This s clearly apparent in DC twins. Since there is a direct relationship
between total placental and mfant birth weight, placental sufficiency should determine
the availability of mineral elements doring gestation. However, the mechanisms un-
derlying the ability of the placenta, as a function of its relative size, to deliver minerals
to the fetus 1s a topic that remains to be fully explored.

Ultimately, meconium analysis may help in the assessment of mineral putritional
status of multiple birth infants and the early recognition of specific mineral deficiency
states in these nfants and may gude possible nutritional supplementation for the
newborn.

REFERENCES

. Fries-Hansen B. Body composition in growth. Pediatrics 1971:47:264-274.
. Shaw J. Trace elements in the fetus and voung infant. Am J Dis Child 1980;134:74-40.
. Robinson J, Chidzanja 8§, Kino K, et al. Placental control of fetal growth. Reprod Fertil Dev 1995;
7:333-334.
4. Perlman M. Perinatal aspects of trace metal metabohism, In: Rennert O, Chan W, editors. Metabolism
of trace melals n man. Boea Raton: CRC Press; 1984, p 51-62.
5. Hussain 8M, Mughal MZ. Mineral transport across the placenta. Arch Dis Child 1992;67:874-878.
6. Yasodhara P, Ramaraju LA, Raman L. Trace minerals in pregnancy. 1. Copper and zine. Nutr Res
1991;11:18-21.
7. Hussain SM, Sibley CP. Magnesium and pregnancy. Miner BElectrol Metab 1993;19:296-307.
8. Charlton V. Fetal growth: Nutritional issues. In: Tacusch W, Ballard R, Avery ME, editors. Discases
of the newborn. Philadelphia: W.B. Saunders; 1991, p S8-65.
9. Redline R. Placental pathology. In: Fanarotf AA, Martin RJ, editors. Neonatal-perinatal medicine. St.
Louis: C.V.Mosby: 1997, p 351-359.
16, Spinnato J. Sonographic and doppler assessment. In: Gall 8, editor. Multiple pregnancy and delivery.
St. Louis: C. V. Mosby; 1996, p 135170,
. Vetter K. Considerations on growth discordant twins. J Perinat Med 1993;21:267-272.
. Grand R}, Watkins JB, Torti FM. Development of the human gastrointestinal tract. Gastroenterology
1976;70:790-810.
13, Widdowson EM, McLance RA, Harrison GE, ef al. Metabolism of calcium, strontium and other
materials in the perinatal period. Lancet 1962;2:373-374.
14. Kopito L, Shwachman H. Mineral composition of meconiom. J Pediair 1966;68:313-314.

[ S

ED_006899_00000610-00008



Minerals in Meconinm 213

15. Haram-Mourabet 8, Harper RG, Wapnir RA. Mineral composition of meconiunm: effect of prematu-

rity. ¥ Am Coll Nutr 199¢;17:356-360.

16, Antonowicz I, Shwachman H. Meconium in health and disease. Adv Pediatr 1979;26:275-310.
17. Chen PS. Taribara TY, Wamer H. Microdetermination of phosphorus. Anal Chem 1956;28:1756—

1758,

i8. Zar J. Biostatistical analysis. Englewood Chiffs, NIt Prentice-Hall; 1984, p 386-390.
. Yaies §. The genetics of fetal and postnatal growth. In: Cockburn ¥, editor. Fetal and neonatal growth.

WNew York: John Wiley & Sons; 1991, p 1-10.

. Chen S-J, Vohr B, Oh W. Effects of birth order, gender and intrauterine growth retardation on the

outcome of very low birth weight in twins. J Pediatr 1993;123:132-136.

. Potau N, Riudor F, Ballabriga A. Insulin receptors in human placenta in relation to fetal weight and

gestational age. Pediatr Res 1981;5:798-802.

. Williams LA, Evans SF, Newham JP. Prospective cohort study of factors mfluencing the relative

weights of the placenta and newbormn infant. Br Med J 1997,314:1864-1868.

. Riss P, Bartl W. Placental function, fetal distress, and the fetal/placental weight ratio in normal and

gestotic pregnancies. Int J Biol Res Preg 1982:3:10-13,

. Blickstein I, Lancet M. The growth discordant twin. Obstet Gynecol Survey 1988;43:509-515.

ED_006899_00000610-00009



